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Description 

FIELD OF THE INVENTION 

[0001] The present invention Is directed to the field of 
pulse oximetry. More particularly, this Invention relates 
to the use of vaso-dilating agent together with a skin sur- 
face sensor for improving the measurement and moni- 
toring of a characteristic of a patient's blood, such as 
arterial oxygen saturation and pulse rate. 

BACKGROUND OF THE INVENTION 

[0002] The use of pulse oximeters to noninvasively 
measure a patient's heart rate and blood oxygen satu- 
ration is well known. In general terms, noninvasive 
measurement of blood oxygen saturation by a pulse ox- 
imeter typically requires the transcutaneous illumination 
of a portion of the patient's blood-perfused tissue by light 
at two or more wavelengths. Changes in the amount of 
blood in the tissue during a blood pressure pulse change 
the amount and character of the light detected by the 
sensor's photodetector. The amounts of light transmit- 
ted through the tissue at each wavelength may be com- 
pared to calculate to what degree the blood flowing 
through the tissue is saturated with oxygen. A more de- 
tailed discussion of the principles of pulse oximetry may 
be found in U.S. Patent No. 4,653,498. 
[0003] Pulse oximetry sensors fall into two general 
categories. Transmissive pulse oximetry sensors shine 
light through opposed blood perfused tissue surfaces, 
such as a finger or an ear, by disposing the light emitters 
and photodetectors on opposite sides of the tissue. Ex- 
amples of such sensors are presented in U.S. Pats. 
4,685,464 and 4,830,014. Transflectance sensors, on 
the other hand, emit light into and detect light from the 
same side of the tissue. An example of a transflectance 
sensor is the Nellcor Incorporated model RS-1 0 sensor. 
[0004] With any pulse oximetry sensor, the quality of 
the measurement depends in part on the concentration 
of blood (relative to other tissue structures) in the portion 
of tissue illuminated by the sensor and in part on the 
magnitude of the pulsatile changes in the amount of 
blood in the tissue. Fingers are a preferred sensor site 
for transmissive sensors because of the fingers' rela- 
tively large number and concentration of blood vessels. 
However, well-perfused sites such as fingers are not al- 
ways available. In addition, where it is desired to monitor 
the patient for an extended period of time, a sensor 
which is attached to a finger could be very awkward and 
inconvenient for the patient and could interfere with and 
restrict the patient's movements. Furthermore, move- 
ment of the sensor when the patient moves his or her 
hand could cause errors in the readings of the sensor. 
These situations could dictate the use of a transflect- 
ance sensor placed on the patient's torso, head, or 
some other part of the body that is convenient and ac- 
cessible. 



[0005] The torso, however, has a lower concentration 
of bloodvessels near the skin surface than fingers have. 
In addition, blood flow to sensor sites on the torso or on 
any other part of the body may be restricted due to the 

5 effects of ambient temperature, systemically-acting va- 
soconstricting drugs in the patient's blood stream, or low 
patient blood pressure. The prior art has attempted to 
address this low perfusion problem in several ways. 
[0006] Some prior art pulse oximeter sensors have 

10 used heaters to dilate the blood vessels at the sensor 
site, thereby increasing blood perfusion. See, e.g., U.S. 
Pats. 4,926,867 and 5,007,423. Heaters have also been 
used with other transcutaneous blood characteristic 
measuring devices, as shown in U.S. Pats. 3,628,525; 

15 4,488,557; 4,324,256; 4,517,982; 4,534,356; 
4,536,274; and Re. 31 ,440. The use of heaters raises 
the cost and complexity of the sensors, however, and 
presents the possibility of tissue burns. 
[0007] An early oximeter sensor called the "Cyclops" 

20 is discussed in W.G. Zijlstra and G.A. Mook, Medical Re- 
flection Photometry, pp. 50-77 (Royal VanGorcum Ltd., 
Assen, 1962). Unlike a pulse oximeter sensor (which 
distinguishes the arterial blood optical signal from the 
optical effects of venous blood and tissue by using only 

25 the AC component of the optical signal), the Cyclops 
sensor compared the optical signal from exsanguinated 
(i.e., bloodless) tissue with the optical signal from the 
tissue in a normal, blood-perfused state. Because the 
parameter of interest is the oxygen saturation of arterial 

30 blood, the Cyclops increased the ratio of arterial blood 
to venous blood in the tissue by "arterializing" the area 
through the iontophoretic application or histamine phos- 
phate, a direct vasodilator and counterirritant. A voltage 
is applied to the patient's skin to drive the histamine 

35 phosphate into the tissue by a process called histamine 
iontophoresis. 

[0008] Other transcutaneous blood characteristic 
measurement devices have used vasodilators to in- 
crease blood volume in the measuring region (U.S. 

40 Pats. 4,296,752, 4,488,557, and Re. 31 ,440).^While 
these sensor systems do not require the use of ionto- 
phoresis, they do require the extra step of manually ap- 
plying the chemical to the skin surface topically before 
a sensor is placed over the application area. In addition, 

45 none of these sensors is an optical sensor. The thick 
and irregular layer of chemicals these sensors use could 
adversely affect the optical performance of a pulse oxi- 
meter sensor through shunting, diffusion, reflectance or 
color shifting of the transmitted and received light. 

so [0009] WO86/07269 discloses an iontophoretic de- 
vice in the form of a watch comprising an electronic pro- 
grammable controller for regulating the delivery of drug 
through the skin. An electrode/reservoir assembly has 
an adhesive on one side permitting attachment thereof 

55 to the straps of the watch. The assembly includes a 
feedback sensor for detecting drug levels on the skin 
and regulating the rate of drug delivery provided by the 
controller. There is no disclosure of the delivery of a va- 
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so-dilator orthe presence of a remote- controlling mem- 
brane for controlling the delivery of vaso-dilator. 
[0010] US-A-5036861 discloses a method and appa- 
ratus for non-invasively monitoring plasma glucose lev- 
els. This involves the use of an ioniophoretic patch for 
promoting a sweating response in the skin of the patient. 
A sensor attached to the skin by means of a strap is then 
used to monitor the characteristics of the sweat. There 
is no disclosure of the delivery of a vaso-dilating agent 
or the direct monitoring of a blood characteristic. 
[0011] US-A-5088977 discloses an iontophoretic 
drug delivery device which delivers a primary drug for 
therapeutic purposes and a further agent which induces 
a permeation enhancement for the primary drug. There 
is no disclosure of blood characteristic monitoring or a 
device which facilitates such monitoring by providing va- 
so-dilation. 

[001 2] Transdermal devices for the delivery of a drug 
to the skin have been known for some time, and repre- 
sentative systems which utilize rate-controlling mem- 
branes and in-line adhesives are disclosed in U.S. Pats. 
3,598,122, 3,598,123, 3,742,951, 4,031,894, 
4,060,084, 4,144,317, 4,201,211, 4,379,454 and 
4,908,027, which are incorporated herein by reference. 
WO90/03825 discloses an iontophoretic electrode pro- 
vided with a rate controlling membrane. 
[001 3] A transdermal device for delivering certain va- 
sodilators such as nitroglycerin is disclosed in U.S. Pats. 
4,661,105, 4,725,272 and 4,849,226. These vasodila- 
tors are used to relieve the pain associated with angina 
pectoris, for the prevention of angina, in hypertension, 
for relaxation of involuntary muscles of blood vessels, 
for increasing the flow of blood therein and for increasing 
oxygenation from vasodilation, mainly for increasing the 
supply of oxygen to the heart. The transdermal device 
is designed to provide a higher dosage of the vasodilator 
through the skin to give the desired therapeutic result. 

SUMMARY OF THE INVENTION 

[001 4] The unmet needs of the prior art are addressed 
by the present invention which provides a method and 
apparatus for simply and accurately measuring a blood 
characteristic such as blood oxygen saturation and 
pulse rate, particularly of an area of the body with a small 
concentration of blood vessels, by placing on an area of 
the body a sensor system for use with a blood charac- 
teristic measurement device, such as a pulse oximeter, 
which sensor system comprises 1) a transdermal deliv- 
ery device for the local delivery of a vaso-dilating agent 
and 2) a skin surface sensor. 

[0015] According to the present invention there are 
provided devices as set forth in the claims hereinafter. 
[0016] The use of a transdermal delivery device 
uniquely allows a single step application of the vaso- 
dilating agent with attachment of the sensor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The drawings are not drawn to scale but are 
set forth for illustrating the invention. 

5 [0018] FIG. 1 illustrates in top view a transdermal va- 
so-dilating delivery device according to the invention. 
[0019] FIG. 2 is across-sectional view of the transder- 
mal device of FIG. 1 , along line 2-2. 
[0020] FIG. 3 is an elevational view of the active face 

10 of a sensor for use with the transdermal device of FIGS . 
1 and 2. 

[0021] FIG. 4 is a cross-sectional view of the sensor 
of FIG. 3, along line 4-4, on which a transdermal device 
according to this invention has been mounted. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] In accordance with this invention, there is pro- 
vided a sensor system for use with a pulse oximeter for 
accurately measuring oxygen saturation and pulse rate 
on areas of the body having low normal cutaneous blood 
flow and for monitoring blood oxygen saturation and 
pulse rate of patients, preferably over an extended pe- 
riod of time. The sensor system includes (a) a transder- 
mal device containing a vaso-dilating agent that is ad- 
ministered at a controlled amount to the skin of a human 
patient and (b) a skin surface sensor, such as an electro- 
optical sensor. The vaso-dilating agent increases locally 
the cutaneous blood flow for improving the performance 
of a pulse oximetry monitoring system. 
[0023] The term "transdermal" delivery or application 
as used herein refers to the delivery or application of 
agents by passage through skin, mucosa and/or other 
body surfaces by topical application, 
[0024] The term "extended period of time" as used 
herein refers to a period of time of at least one hour. 
Preferably, it refers to a period of time of at least several 
hours, and more preferably, from about eight hours to 
three days and can be for periods of up to about seven 
days. 

[0025] FIG. 1 is a top view of one embodiment of the 
transdermal device 10 of the invention, which is de- 
signed and adapted for easy placement and comforta- 
ble retention on the skin and for easy placement and 
retention on a surface sensor probe of a pulse oximeter. 
Device 10 has a sensor side 12 and a skin side 14. An 
emitter window 16 and a detector window 18 are posi- 
tioned in the device 1 0 so that they will line up with the 
light emitter and the photodetector of the pulse oximeter 
sensor when the sensor is placed in position over the 
transdermal device. The emitter window 1 6 and the de- 
tector window 18 in a presently preferred embodiment 
are holes which have been cut, punched or otherwise 
formed and which extend through the entire thickness 
of the device 10. 

[0026] Transdermal device 10 can be shaped and 
sized for placement and retention on various anatomic 
regions for cutaneous administration of a vaso-dilating 
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to a patient. The anatomic regions are those to which 
the surface sensor of the invention is adapted for use 
and are represented by the forearm, abdomen, chest, 
back, thigh, buttock, and the like. Transdermal device 
10 can have various shapes, such as oblong, square, 5 
rectangular, round, and the like. For example, two or 
more devices, shaped as strips for example, may be 
placed in position on each side of or around the light 
emitter and the photodetector of the sensor, eliminating 
the necessity for windows in the device. However, it is 
preferred that device 1 0 be of a shape that conforms to 
the shape of the active face of the surface sensor with 
which it is adapted to be used. 

[0027] FIG. 2 shows device 1 0 of FIG. 1 in cross-sec- 
tional view through line 2-2 for illustrating the structure 
of device 10. Device 10 includes a backing member 20 
on the sensor side 1 2 of the device. A reservoir 22, ad- 
jacent to backing member 20, is positioned immediately 
below and in contact with the surface of backing mem- 
ber 20 that is proximal to the skin side 14 of the device. 
Reservoir 22 contains a vaso-dilating agent that is to be 
delivered to the skin. Device 10 also includes rate-con- 
trolling membrane 24 for controlling the release of the 
vaso-dilating agent from the device. Rate-controlling 
membrane 24 has one surface in contact with the skin- 
proximal surface of reservoir 22. 
[0028] Transdermal device 1 0 further includes a first 
adhesive layer or lamina 26 in contact with the sensor- 
side surface of backing member 20 and a second adhe- 
sive layer or lamina 28 in contact with the skin-side sur- 
face of rate-controlling membrane 24. First adhesive 
layer 26 is present for the purpose of adhering device 
1 0 to the active face of a pulse oximeter surface sensor. 
Second adhesive layer 28 is used for affixing device 1 0 
and the surface sensor as a sensor system to an area 
of skin of a patient. The composition and the thickness 
of second adhesive layer 28 are such that layer 28 does 
not constitute a significant permeation barrier to the pas- 
sage of the vaso-dilating agent and it should preferably 
be substantially more permeable to the passage of va- 
so-dilating agent than rate-controlling membrane 24, 
and it is at least as permeable to perfusion enhancer as 
membrane 24. The adhesives used in layers 26 and 28 
may be the same or different. The adhesive used for at 
least layer 28 is dermato logically acceptable and it per- 
mits the device to be easily removed from the skin after 
the measurement of oxygen saturation and pulse rate 
is completed. 

[0029] Transdermal device 1 0 also may include a first 
release liner 30 in contact with first adhesive layer 26 
and a second release liner 32 in contact with second 
adhesive layer 28. Release liners 30 and 32 protect de- 
vice 10, and they are removed just prior to use of the 
device. 

[0030] Emitter window 16'of device 10 extends 
throughout all of the layers of the device, for providing 
passage of the light emitted from the sensor's emitter. 
Detector window 18 likewise extends throughout all of 



the layers of the device, for allowing the sensor's pho- 
todetector to detect the light passing through the skin 
from the sensor's emitter. Windows in release liners 30 
and 32 are not necessary to the operation of the device, 
of course, since the liners are removed before applica- 
tion to the patient. In order to eliminate any reflectance 
or shunting of the emitted light in the device itself, which 
will affect the calibration of the pulse oximeter, it is pre- 
ferred that the device be opaque to the wavelengths of 
light used by the oximeter. This may be most easily ac- 
complished by having one orthe otheror both of backing 
membrane 20 and reservoir 22 be of an opaque mate- 
rial, such as a black or other dark-colored material that 
will absorb any light that may stray into the device. 
[0031] Materials which may be used for backing mem- 
ber 20 are chosen from those materials that are sub- 
stantially impermeable to the components in device 10. 
These may be single materials or a combination of ma- 
terials such as a composite or a laminate. The material 
may be occlusive or non-occlusive, flexible or non-flex- 
ible. Examples of materials that can be used as backing 
member 20 are polymeric materials such as low to high 
density polyethylene, polypropylene, polyethylene 
terephthalate, nylon, and the like. Other materials are 
known in the art, examples of which are listed in the 
transdermal device patents discussed earlier herein. 
[0032] The reservoir 22 of the transdermal device of 
this invention contains a saturated or unsaturated for- 
mulation of the vaso-dilating agent. A suitable formula- 
tion may be aqueous or non-aqueous based. The for- 
mulation should be designed to deliver the vaso-dilating 
agent at the necessary flux. Aqueous formulations typ- 
ically comprise water or water/ethanol and about 1 -2 
wt% of a gelling agent, an example being a hydrophilic 
polymer such as hydroxyethylcellulose or hydroxypro- 
pylcellulose. Typical non-aqueous gels are comprised 
of silicone fluid or mineral oil. Mineral oil-based gels also 
typically contain 1 -2 wt% of a gelling agent such as col- 
loidal silicon dioxide. The suitability of a particular gel 
depends upon the compatibility of its constituents with 
the vaso-dilating agent and any other components in the 
formulation. 

[0033] The reservoir 22 preferably comprises a matrix 
containing the vaso-dilating agent, and the matrix 
should be compatible with the perfusion enhancer and 
any carrier therefor. The term "matrix" as used herein 
refers to a well-mixed composite of ingredients fixed into 
shape. When using an aqueous-based formulation, the 
reservoir matrix is preferably a hydrophilic polymer, e. 
g., a hydrogel. When using a non-aqueous-based for- 
mulation, the reservoir matrix is preferably composed of 
a non-hydrogel polymer. 

Suitable polymeric matrices are well known in the 
transdermal drug delivery art, and examples are listed 
in the above-named patents. 

[0034] A typical laminated system would comprise a 
polymeric matrix such as ethylene vinyl acetate (EVA) 
copolymers, such as those described in U.S. Pat. No. 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 



EP 0 573 137 B1 



8 



4,144,317, preferably having a vinyl acetate (VA) con- 
tent in the range of from about 9% up to about 60% and 
more preferably about 28% to 60% VA. Polyisobutylene/ 
oil matrices containing from 4-25% high moiecular 
weight polyisobutylene and 20-81% low molecular 
weight polyisobutylene with the balance being an oil 
such as mineral oil or polybutynes may also be used. 
[0035] The vaso-dilating agents of the present inven- 
tion, i.e. the vasodilators, are delivered to enhance per- 
fusion by inducing a localized vasodilation of cutaneous 
blood vessels. This vasodilation results in an increase 
of the local cutaneous blood flow which is visible as an 
erythema. The terms "perfusion enhancer" and "per- 
fusion enhancing agent", as used herein, refer to a va- 
sodilator. Among the vasodilators, a preferred group of 
perfusion enhancers are nicotinic acid and the lower 
alky I esters of nicotinic acid, such as methyl nicotinate 
and hexyl nicotinate. Additional examples of vasodila- 
tors are sodium salt of nicotinic acid, nicotinyl alcohol, 
benzyl nicotinate and thurfuryl nicotinate. Mixtures of 
vasodilators are also contemplated. The term "lower 
alky!" as used herein refers to alkyl groups, straight- 
chained or branched, of one to six carbon atoms. Nico- 
tinic acid esters, where the esters are alkyls of five or 
more carbons, are known permeation enhancers (U.S. 
Pat. 4,847,260), but none of the presently contemplated 
vasodilators are known to be delivered alone from a 
transdermal device for inducing or enhancing localized 
perfusion or to be used with a pulse oximeter surface 
sensor for facilitating measurement of oxygen satura- 
tion and pulse rate. 

[0036] The perfusion enhancer is present in the res- 
ervoir of the transdermal device in a perfusion-enhanc- 
ing amount, that is, an amount sufficient to provide a 
perfusion-enhancing effect for the entire useful life of the 
device or, in other words, for the entire extended period 
of time during which the device is used with the surface 
sensor to measure the oxygen saturation and the pulse 
rate or other characteristics of a patient's blood. The 
minimum amount of perfusion enhancer is determined 
by the requirement that sufficient quantities of enhancer 
must be present in the device to maintain the desired 
rate of release over the given, predetermined period of 
application. The amount of perfusion enhancer in the 
reservoir generally ranges from about 0.1 wt% (percent 
by weight) to about 70 wt% or greater but may be any 
amount which provides a perfusion-enhancing effect for 
the desired extended period of time. When the perfusion 
enhancer is a vasodilator such as nicotinic acid or lower 
alkyl esters of nicotinic acid, the amount is generally 
from about 0.1 wt% to about 50 wt%, but may be greater. 
[0037] The perfusion-enhancing rate of delivery of the 
vasodilator to the skin should be great enough to cause 
a local vasodilation of the blood vessels and increased 
blood flow, as manifested by a local erythema, but not 
so great as to cause detectable build-up of the vasodi- 
lator in the systemic circulation of the patient's body. Ad- 
ditionally, if the concentration of the vasodilator in the 



cutaneous region is too high, edema as well as ery- 
thema can result. This is undesirable because the pres- 
ence of edema on a patient's skin will cause the read- 
ings of the surface sensor to be incorrect. The preferred 

5 vasodilators readily permeate through human skin so 
that the use of a rate-controlling membrane to control 
the rate of release of the vasodilators is generally re- 
quired. The preferred perfusion-enhancing release rate 
of the vasodilators to the skin of a patient from the 

10 transdermal device is generally from about 0.5 u,g/cm 2 - 
hr to about 500 u.g/cm 2 -hr at 37° C, and is preferably 
from about 5 u.g/cm 2 -hr to about 200 ng/cm 2 -hr. In a 
presently preferred embodiment, the vasodilator is me- 
thyl nicotinate. 

15 [0038] Rate-controlling membrane 24 is selected 
from a release rate-controlling material for governing the 
amount of blood perfusion enhancer released from 
transdermal device 10. Membrane 24 is formed of a ma- 
terial that permits the passage of perfusion enhancer at 
a rate dependent on the solubility of the enhancer there- 
in, as well as on the thickness of the membrane. The 
flux rate of the enhancer is thus controlled to the exterior 
of the device 1 0 by regulating the composition and thick- 
ness of rate-controlling membrane 24 and the diffusion 
coefficient of the enhancer; thus, device 10 can be pro- 
vided with the same surface area and having different 
rates of perfusion enhancer release by varying the char- 
acteristics of membrane 24. Diffusion coefficients can 
be determined by standard techniques. The membrane 
is selected to deliver perfusion enhancer at a rate less 
than the permeability of average skin in order to provide 
the low perfusion-enhancing rate required by this inven- 
tion. Rate-controlling membrane 24 also assures the 
constant maintenance of a controlled release rate over 
an extended period of time. Representative materials for 
forming rate-controlling membrane 24 are generally 
chosen from polymers and include polyolefins such as 
polyethylene, high density polyethylene, and polypro- 
pylene; polyamides; polyesters; ethylene-ethacrylate 
copolymer; segmented copolymer of butylene tereph- 
thalate 33% and polytetramethylene ether terephthalate 
67%; segmented copolymer of propylene terephthalate 
58% and polytetramethylene ether terephthalate 42%; 
block copolymer of tetramethylene terephthalate-poly- 
tetramethylene ether glycol terphthalate; ethylene-vinyl 
acetate copolymer; ethylene-vinyl methylacetate copol- 
ymer; ethylene-vinyl ethylacetate copolymer; ethylene- 
vinyl propylacetate copolymer; polyisoprene; polyacry- 
lonitrile; ethylenepropylene copolymer; and the like. 
[0039] First adhesive layer 26 can be selected from 
any contact adhesive which will provide sufficient adhe- 
sion of the transdermal device 1 0 to the surface sensor 
during the entire period of time the sensor and the de- 
vice are being worn by the patient. Where the surface 
sensor is reusable, that is it will be used repeatedly on 
different patients, the adhesive should not be so strong 
that the device 10 cannot be readily removed from the 
sensor. Suitable contact adhesives are known in the art 
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and are readily available. The first adhesive 26 may be 
the same as or different from the second adhesive 28. 
[0040] Second adhesive layer 28 should be chosen 
from adhesives that are essentially free of the property 
of stripping skin cells upon the removal of the device 1 0 
from the patient. Representative adhesives are known 
in the art and include, but are not limited to, a mixture 
of 2-cya no aery late and dimethyl methylenemalonate, 
monomeric esters of alpha-cyanoacrylic acid, cross- 
linked copolymers of dimethylaminoethylmethacrylate 
and an alkyl acrylate, an adhesive composition compris- 
ing a hydrocolloid gum, polyisobutylene, polyisobuty- 
lene and cross-linked dextran, silicone medical adhe- 
sive, mineral oil-polyisobutylene, polyisobutylene-poly- 
butynes, and the like. 

[0041] In a preferred embodiment of the invention, in- 
creased perfusion sufficient for an accurate measure- 
ment of oxygen saturation is obtained within about five 
minutes after application of the transdermal device to 
the skin of a patient. To provide this quick onset of en- 
hanced perfusion, second adhesive Iayer28 can option- 
ally contain an initial amount of the perfusion-enhancing 
agent which is released therefrom as an initial dose, with 
the device thereafter delivering the perfusion enhancer 
at a substantially constant rate during the duration of the 
measurement period. The amount of perfusion enhanc- 
er in the adhesive is generally from about 0.1 wt% to 
about 70 wt%. 

[0042] The first release liner 30 in contact with first 
adhesive layer 26 and the second release liner 32 in 
contact with second adhesive layer 28 are exemplified 
by; in one embodiment, the same materials used for the 
backing member 20, provided they are removable or 
made removable by siliconizing or otherwise treating the 
material. Other release liners include, but are not limited 
to, siliconized polyester, fumed silica in silicone rubber, 
end-capped siliconized polyethylene terephthalate, pol- 
ytetrafluoroethylene, cellophane, treated paper, sili- 
conized paper, aluminized paper, paper coated with pol- 
yethylene, a film of polyvinyl chloride having titanium di- 
oxide dispersed therein, and the like as are known in the 
art. 

[0043] The devices of this invention can be designed 
to effectively deliver a blood perfusion-enhancing agent 
for an extended time period of from about one hour up 
to 7 days or longer. Seven days is generally the maxi- 
mum time limit for application of a single device because 
the skin site is often adversely affected when occluded 
for a period greater than 7 days. 
[0044] The transdermal therapeutic devices of the 
present invention are prepared as described herein and 
in a manner generally known in the art, such as by those 
procedures, for example, described in the transdermal 
device patents listed previously. 
[0045] The preferred surface sensor for use with the 
system of this invention is a pulse oximeter sensor as 
shown in FIG. 3. Sensor 40 is a modified Neilcor Inco- 
porated RS-1 0 surface sensor. The sensor's light sourc- 



es 42 are preferably a red LED and an infrared LED. 
The sensor also includes a conventional large area pho- 
todetector 44. Photodetector 44 is preferably covered 
by a grounded Faraday shield (not shown). LEDs 42 and 

5 photodetector 44 are connected to sensor cable 46 by 
suitable conductors (not shown). LEDs 42 and photode- 
tector 44 are covered by epoxy domes 48. 
[0046] A planar surface 52 on sensor 40 provides a 
platform for transdermal device 10. As shown in FIG. 4, 

10 the epoxy dome 48 covering LEDs 42 is surrounded by 
a ridge 50 that is designed to extend through the emitter 
window 16 of device 10. Ridge 50 minimizes optical 
shunting between LEDs 42 and photodetector 44 
through transdermal device 10. Alternatively, a ridge 

is can be formed around photodetector 44 and extending 
through detector window 1 8 of device 1 0. Other means 
of reducing optical shunting will be apparent to those 
skilled in the art. In addition, other electro-optical sen- 
sors, such as a heart rate sensor or an electro-chemical 

20 sensor, may be used in place of the pulse oximeter sen- 
sor without departing from the scope of the invention. 
[0047] The sensor system of the present invention for 
use with a pulse oximeter comprises in a presently pre- 
ferred embodiment a transdermal delivery device forthe 

25 local delivery of a blood perfusion enhancer, as de- 
scribed above, and a pulse oximeter sensor, as also de- 
scribed above. One embodiment of a system of the in- 
vention is shown in cross-section in FIG. 4. The 
transdermal device is adhered to the active face of the 

30 sensor to form the sensor system, and the sensor sys- 
tem is then affixed to the skin of a patient. Alternatively, 
the transdermal device is first applied to a predeter- 
mined site on the patient's skin and the active face of 
the sensor is then adhered to the transdermal device. 

35 While the sensor system may be applied to any suitable 
portion of the body, in a preferred embodiment the sys- 
tem is placed on an area having a low normal cutaneous 
blood flow such as the torso, and more preferably on the 
back, stomach or chest. After placement on the skin, the 

40 transdermal device delivers a blood perfusion enhancer 
at a constant, perfusion-enhancing rate to obtain a lo- 
calized increase of the cutaneous blood flow. Once per- 
fusion has been increased, the surface sensor will begin 
to accurately measure and monitor the oxygen satura- 

45 tion and the pulse rate of the patient for an extended 
period of time of from about one hour to three days or 
longer. 

[0048] The following examples are presented to fur- 
ther illustrate the apparatus of the present invention. 
so The examples are not intended to limit the invention in 
any manner. 

EXAMPLE 1 

55 [0049] Transdermal devices according to the inven- 
tion were prepared as follows. 
[0050] Ethylene-vinyl acetate copolymer pellets (40% 
vinyl acetate; "EVA 40") (247g) were pre-blended for ap- 
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prox. 6 min. at 58°C and 30 rpm. Methyl nicotinate 
(1 .13g) was slowly added to the EVA 40 over a period 
of 6 min. with mixing at the same speed. Then, the two 
ingredients were mixed uniformly at 78°C and 40 rpm 
for 20 min. 

[0051] The EVA 40/methyl nicotinate mixture was 
placed in an extruder (with 3-to-1 compression screw 
and 4-in. die) and a matrix 15 mils thick and 5 in. wide 
was extruded. The extruder was operated at 80°C at all 
zones, under 1 ,050 psi pressure and at a screw speed 
of 93 rpm. The matrix, together with a 2 mil thick EVA 9 
film and a pigmented medium density polyethylene 
("MDPE") film, was then passed through a calendar/ 
laminator, set at the speed of 0.45 ft/mi n, roll gap of 1 7.5 
mils, roll temperature of 78°C and roll pressure of 90 
psi, to produce a tri-laminate of EVA 9 (as the rate-con- 
trolling membrane), EVA 40/methyl nicotinate, and 
MDPE (as the backing of the system). The tri-laminate 
was cut into 12-in. sections, and 2 mil thick acrylic ad- 
hesive film on a release liner was laminated to each of 
the MDPE film side and the EVA 9 rate-controlling mem- 
brane side of the tri-laminate sections, using the calen- 
dar/laminator set at 40 psi. The final weight fraction of 
methyl nicotinate in the multilaminate, whose cross-sec- 
tion is depicted in FIG. 2, was about 0.3 wt%, excluding 
the release liners. 

[0052] The sheet of multilaminate was cut into pieces 
of 1 in. x 5/8 in. size (to fit on the planar surface of a 
sensor). Two square holes were cut out of each 
transdermal device corresponding to the position of the 
sensor's light emitters (LEDs) and photodetector, to give 
methyl nicotinate transdermal devices. 
[0053] Following the above procedures, transdermal 
devices containing 0.6 wt% or 0.8 wt% of methyl nicoti- 
nate were also prepared. 

EXAMPLE 2 

[0054] The methyl nicotinate devices of Example 1 
were tested with a modified pulse oximeter surface sen- 
sor, as illustrated in FIG. 3, on healthy adults to deter- 
mine the accuracy of oxygen saturation and pulse rate 
measurements on areas of the body having a low nor- 
mal cutaneous blood flow. 

[0055] A Nellcor N200 pulse oximeter was used, and 
signals were collected using a ToshibaT5200 "datasys" 
program. The surface sensor used, generally illustrated 
in FIG. 3, housed a red LED and an IR LED and also a 
large area photodetector with a Faraday shield config- 
ured in a black PVC shell. The skin contact, or active, 
side of the sensor shell was winged to provide maximum 
contact area with the transdermal device and the skin. 
[0056] A 0.6 wt% methyl nicotinate device from Ex- 
ample 1 was placed, via the contact adhesive at the 
backing surface of the device, onto the active face of the 
sensor, with the holes in the device positioned over the 
light emitter and the photodetector of the sensor. A de- 
vice and sensor were placed on the chest, adjacent to 



the sternum between ribs 2 and 3, on each of 12 sub- 
jects. A placebo device, without methyl nicotinate, and 
sensor were also placed on each individual. The test 
was performed over a 30 min period. 
s [0057] In every case, the test sensor locked on any- 
where from initial application up to 6 min after applica- 
tion. "Lock on" is displayed heart and oxygen saturation 
readings on the pulse oximeter instrument front panel. 
The placebo sensor, on the other hand, rarely locked on 
but repeatedly found the respiration rate and displayed 
erroneous pulse and oxygen rates. Thus, the methyl 
nicotinate delivery system enhanced the modulation 
signal to provide a means for monitoring oxygen satu- 
ration on the torso. 

EXAMPLE 3 

[0058] Following the procedures of Example 1 , devic- 
es for attachment to a surface sensor of a pulse oximeter 
and for the delivery of methyl nicotinate were prepared 
having the following composition. 
[0059] The backing was clear polyethylene terephtha- 
late and had a thickness of 2 mils; the reservoir was 50 
wt% methyl nicotinate and 0.1-1.0 wt% carbon black 
powder in EVA 40 and had a thickness of 5-1 0 mils; the 
rate-controlling membrane was high density polyethyl- 
ene and had a thickness of 2-3 mils; the first and second 
adhesive layers were polyisobutylene and had a thick- 
ness each of 1.5-2.5 mils; and the release liners were 
siliconized polyethylene terephthalate. 
[0060] Having thus generally described the present 
invention and described certain specific embodiments 
thereof including the embodiments that the applicants 
consider the best mode of practicing their invention, it 
will be readily apparent that various modifications to the 
invention may be made by workers skilled in the art with- 
out departing from the scope of this invention which is 
limited only by the following claims. 



Claims 

1 . A transdermal delivery device (1 0) for facilitating the 
non-invasive monitoring of a characteristic of a pa- 
tient's blood by means of a skin sensor (40), where- 
in the device comprises: 

(a) a backing member (20)that is substantially 
impermeable to a vaso-dilating agent; 

(b) a first adhesive layer (26) adjacent to one 
surface of the backing member; 

(c) a reservoir (22)adjacent to another surface 
of the backing member, the reservoir compris- 
ing sufficient vaso-dilating agent to induce local 
vaso-dilation in the skin of the patient to which 
the device may be attached; 

(d) a rate-controlling membrane (24) adjacent 
to a backing layer distal surface of the reservoir, 
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the first adhesive layer permitting attachment 
of a skin surface sensor (40)to the device, 
wherein the vaso-dilating agent is delivered at 
a rate dependent on the composition and thick- 
ness of the rate-controlling membrane (24) and 
on the diffusion co-efficient of the vaso-dilating 
agent within the rate-controlling membrane 
(24). 

2. A device according to claim 1 which further com- 
prises a second adhesive layer (28)adjacent to a 
backing layer distal surface of the rate-controlling 
membrane, the second adhesive layer permitting 
attachment of the device to the skin of the patient 
and having a structure which does not constitute a 
significant permeation barrier to the passage of the 
vaso-dilating agent. 

3. A device according to claim 1 or claim 2 wherein the 
device is opaque. 

4. A device according to any preceding claim wherein 
the vaso-dilating agent is selected from nicotinic ac- 
id and lower alky! esters of nicotinic acid. 

5. A device according to any preceding claim wherein 
the vaso-dilating agent is methyl nicotinate. 

6. A device according to any preceding claim and 
formed with first and second windows (1 6,1 8), each 
window extending through the thickness of the de- 
vice, the windows permitting optical communication 
of an emitter (42)and a detector (44) of the skin sen- 
sor with the skin of the patient to which the device 
may be attached. 

7. A device according to any preceding claim wherein 
the vaso-dilating agent is also a counter-irritant. 

8. A device as claimed in any preceding claim wherein 
the rate-controlling membrane, vaso-dilating agent 
and reservoir are together chosen and arranged to 
deliver the vaso-dilating agent to a patient at a sub- 
stantially constant rate over an extended period of 
time to obtain a localized increase of the cutaneous 
blood flow. 

9. A device according to claim 8 wherein the extended 
period of time is from 8 hours to 3 days. 

10. A sensor system for the non-invasive monitoring of 
a characteristic of a patient's blood comprising a 
transdermal device (10) as claimed in any preced- 
ing claim combined with a skin surface sensor(40), 
which sensor comprises: a housing; an emitter con- 
sisting of a light source (42) disposed in the sensor 
housing; a detector consisting of a photo-detector 
(44) disposed in the sensor housing; and means for 



mating the sensor housing to the transdermal de- 
vice, which means comprise the first adhesive layer 
(26) of the device. 

1 1 . A system according to claim 1 0 wherein the housing 
comprises an active face and a cavity containing the 
light source and the photo -detector, and the means 
formating comprises a planar surface (52) covering 
and extending laterally beyond the cavity. 

12. A system according to claim 10 or claim 11 and pro- 
vided with means for reducing optical shunting be- 
tween the light source and the photo-detector. 

13. A system according to any of claims 10 to 12 and 
provided with means for reducing optical shunting 
through the device between the light source and the 
photo-detector. 



20 14. A system according to claim 12 or claim 1 3 wherein 
the means for reducing optical shunting comprises 
a ridge (50) provided on the housing between the 
light source and the photo-detector. 



10 



15 



15. A system according to claim 14 wherein the ridge 
surrounds the light source. 

16. A system according to claim 14 wherein the ridge 
surrounds the photo-detector. 

1 7. A system according to any of claims 1 0 to 1 6 where- 
in the sensor housing comprises an active face, a 
cavity containing the light source (42) and the pho- 
to-detector (44) and a planar surface (50) covering 
and extending laterally beyond the cavity, and the 
first adhesive layer is adjacent to the planar surface 
of the sensor housing. 

18. A system according to any one of claims 10 to 17 
wherein a first window (1 6) through the transdermal 
delivery device is adjacent to the light source and a 
second window (1 8) through the transdermal deliv- 
ery device is adjacent to the photo-detector, the re- 
spective windows permitting optical communication 
between the light source (42) and the skin of a pa- 
tient to which the device may be attached and opti- 
cal communication between the skin of the patient 
and the photo-detector(44). 



50 19. A system according to claim 12 and claim 18 and 
any other preceding claims wherein the means for 
reducing optical shunting comprises a ridge (50) 
surrounding the light source and extending sub- 
stantially through the first window (16) of the 

55 transdermal delivery device. 

20. A system according to claim 12 and claim 18 and 
any other of claims 1 to 17 wherein the means for 
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reducing optical shunting comprises a ridge (50) 
surrounding the photo-detector and extending sub- 
stantially through the second window (18) of the 
transdermal delivery device. 



Patentanspruche 

1. Vorrichtung (10) fur die transdermal Verabrei- 
chungzum Erleichtemdes nicht-invasiven Uberwa- 
chens einer Eigenschaftdes Blutes eines Patienten 
mittels eines Hautsensors (40), wobei die Vorrich- 
tung umfaBt: 

(a) ein Grundelement (20), das gegenuber ei- 
nem gefaBerweitemden Wirkstoff im wesentli- 
chen undurchlassig ist, 

(b) eine erste Klebeschicht (26), die an eine 
Oberflache des Grundelements angrenzt, 

(c) einen Speicher (22), der an eine andere 
Oberflache des Grundelements angrenzt, wo- 
bei der Speicher ausreichend gefaBerwe item- 
den Wirkstoff enthalt, urn eine lokale GefaBer- 
weiterung in der Haut des Patienten zu bewir- 
ken, auf der die Vorrichtung angebrachtwerden 
kann, 

(d) eine die Durchtrittsrate steuemde Membran 
(24), die an eine zum Grundelement distale 
Oberflache des Speichers angrenzt, wobei die 
erste Klebeschicht das Anbringen eines Haut- 
oberflachensensors (40) an der Vorrichtung er- 
moglicht, wobei dergefaBerweiternde Wirkstoff 
mit einer Rate abgegeben wird, die von der Zu- 
sammensetzung und der Starke der die Durch- 
trittsrate steuernden Membran (24) und von 
dem Diffusionskoeffizienten des gefaBerwei- 
temden Wirkstoffes in der die Durchtrittsrate 
steuernden Membran (24) abhangt. 

2. Vorrichtung nach Anspruch 1 , die ferner eine zweite 
Klebeschicht (28) enthalt, die an eine zum Grund- 
element distale Oberflache der die Durchtrittsrate 
steuernden Membran angrenzt, wobei die zweite 
Klebeschicht das Anbringen der Vorrichtung auf der 
Haut des Patienten enmoglicht und eine Struktur 
hat, die keine wesentliche DurchlaBbarriere gegen- 
uber dem Durchtritt des gefaBerweitemden Wirk- 
stoffes bildet. 

3. Vorrichtung nach Anspruch 1 Oder Anspruch 2, wo- 
bei die Vorrichtung undurchsichtig ist. 

4. Vorrichtung nach einem der vorhergehenden An- 
spruche, wobei dergefaBerweiternde Wirkstoff aus 
Nikotinsaure und niederen Alkylestern von Nikotin- 



saure aus ge wan ft wird. 

5. Vorrichtung nach einem der vorhergehenden An- 
spruche, wobei der gefaBerweiternde Wirkstoff Me- 

5 thylnikotinat ist. 

6. Vorrichtung nach einem der vorhergehenden An- 
spruche, und ausgebildet mit einem ersten und ei- 
nem zweiten Fenster (16, 18), wobei sich jedes 

10 Fenster durch die Dicke der Vorrichtung erstreckt 
und beide Fenster eine optische Kommunikation ei- 
nes Emitters (42) und eines Detektors (44) des 
Hautsensors mit der Haut des Patienten ermogli- 
chen, auf der die Vorrichtung angebracht werden 

is kann. 

7. Vorrichtung nach einem der vorhergehenden An- 
spruche, wobei der gefaBerweiternde Wirkstoff fer- 
ner ein Gegenreizmittel ist. 

Vorrichtung nach einem der vorhergehenden An- 
spruche, wobei die die Durchtrittsrate steuernde 
Membran, der gefaBerweiternde Wirkstoff und der 
Speicher gemeinsam ausgewahlt und angeordnet 
werden, urn den gefaBerweitemden Wirkstoff an ei- 
nen Patienten mit einer im wesentlichen konstanten 
Durchtrittsrate uber einen langeren Zeitraum abzu- 
geben und dadurch eine lokalisierte Erhohung des 
Hautblutflusses zu erzielen. 

Vorrichtung nach Anspruch 8, wobei der langere 
Zeitraum zwischen 8 Stunden und drei Tagen liegt. 

10. Sensorsystem fur das nicht-invasive Uberwachen 
einer Eigenschaft des Blutes eines Patienten, um- 
fassend eine Vorrichtung (10) fur die transdermal 
Verabreichung nach einem der vorhergehenden 
Anspruche in Kombination mit einem Hautoberfla- 
chensensor (40), wobei der Sensor umfaBt: ein Ge- 
hause; einen Emitter, der aus einer in dem Sensor- 
gehause angeordneten Lichtquelle (42) besteht; ei- 
nen Detektor, der aus einem in dem Sensorgehau- 
se angeordneten Photodetektor (44) besteht; und 
Mittel zum Verbinden des Sensorgehauses mit der 
Vorrichtung fur die transdermal Verabreichung, 
wobei die Mittel die erste Klebeschicht (26) der Vor- 
richtung einschlieBen. 

11. System nach Anspruch 10, bei dem das Gehause 
eine aktive Flache und einen Hohlraum umfaBt, der 
die Lichtquelle und den Photodetektor enthalt, und 
die Mittel zum Verbinden eine ebene Flache (52) 
umfassen, die den Hohlraum abdeckt und sich seit- 
lich uber denselben hinaus erstreckt. 

12. System nach Anspruch 10 oder Anspruch 11, und 
versehen mit Mitteln zum Verringern des optischen 
Nebenschlusses zwischen der Lichtquelle und dem 
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Photodetektor, 

13. System nach einem der Anspruche 10 bis 12, und 
versehen mit Mitteln zum Verringern des optischen 
Nebenschlusses zwischen der Lichtquelle und dem 5 
Photodetektor durch die Vorrichtung hindurch. 

14. System nach Anspruch 12 Oder Anspruch 13, bei 
dem die Mittel zum Verringern des optischen Ne- 
benschlusses eine Rippe (50) einschlieGen, die auf 10 
dem Gehause zwischen der Lichtquelle und dem 
Photodetektor vorgesehen ist. 

15. System nach Anspruch 14, bei dem die Rippe die 
Lichtquelle umgibt. 

16. System nach Anspruch 14, bei dem die Rippe den 
Photodetektor umgibt. 

17. System nach einem der Anspruche 10 bis 16, bei 20 
dem das Sensorgehause eine aktive Flache, einen 

die Lichtquelle (42) und den Photodetektor (44) ent- 
haltenden Hohlraum und eine ebene Flache (52) 
enthalt, die den Hohlraum abdeckt und sich seitlich 
uber denselben hinaus erstreckt, und die erste Kle- 25 
beschicht an die ebene Flache des Sensorgehau- 
ses angrenzt. 

18. System nach einem der Anspruche 10 bis 17, bei 
dem ein erstes, durch die Vorrichtung fur die trans- 30 
dermale Verabreichung hindurchgehendes Fenster 
(16) an die Lichtquelle angrenzt und ein zweites, 
durch die Vorrichtung fur die transdermale Verab- 
reichung hindurchgehendes Fenster (18) an den 
Photodetektor angrenzt, wobei die Fenster die op- 35 
tische Kommunikation zwischen der Lichtquelle 
(42) und der Haut eines Patienten, auf der die Vor- 
richtung angebracht werden kann, bzw. die opti- 
sche Kommunikation zwischen der Haut des Pati- 
enten und dem Photodetektor (44) ermoglichen. 40 

19. System nach Anspruch 12 und Anspruch 18 und 
nach jedem anderen der vorhergehenden Anspru- 
che, wobei die Mittel zum Verringern des optischen 
Nebenschlusses eine Rippe (50) einschlieBen, wel- 45 
che die Lichtquelle umgibt und sich im wesentlichen 
durch das erste Fenster (1 6) der Vorrichtung fur die 
transdermale Verabreichung erstreckt. 

20. System nach Anspruch 12 und Anspruch 18 und so 
nach jedem anderen der Anspruche 1 bis 1 7, wobei 

die Mittel zum Verringern des optischen Neben- 
schlusses eine Rippe (50) einschlieBen, die den 
Photodetektor umgibt und sich im wesentlichen 
durch das zweite Fenster (18) der Vorrichtung fur 55 
die transdermale Verabreichung erstreckt. 
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Revendicatlons 

1 . Dispositif de distribution percutanee (10) pour faci- 
liter le controle non invasff d'une caracteristique du 
sang d'un patient au moyen d'un detecteur cutane 
(40), dans lequel le dispositif comprend : 

(a) un element de support (20) qui estsensible- 
ment impermeable a un agent vasodilatant ; 

(b) une premiere couche adhesive (26) adja- 
cente a une surface de I'element de support ; 

(c) un reservoir (22) adjacent a une autre sur- 
face de I'element de support, le r6servoircom- 
prenant un agent vasodilatant suffisant pour 
provoquer une vasodilatation locale dans la 
peau du patient auquel le dispositif peut etre 
fixe; 

(d) une membrane de controle de debit (24) ad- 
jacente a une surface 6loignee de la couche de 
support du reservoir, la premiere couche adhe- 
sive permettant la fixation d'un detecteur de 
surface cutane (40) au dispositif, dans lequel 
I'agent vasodilatant est distribue a un debit de- 
pendant de la composition et de I'epaisseur de 
la membrane de controle de deM (24) et du 
coefficient de diffusion de I'agent vasodilatant 
dans la membrane de controle de d6bit (24). 

2. Dispositif selon la revendication 1 , qui comprend en 
outre une seconde couche adhesive (28) adjacente 
a une surface 6loignee de la couche de support de 
la membrane de contrdle de d6bit, la seconde cou- 
che adhesive permettant la fixation du dispositif a 
la peau du patient et ayant une structure qui ne 
constitue pas une barriere de permeation significa- 
tive au passage de I'agent vasodilatant. 

3. Dispositif selon la revendication 1 ou la revendica- 
tion 2, dans lequel le dispositif est opaque. 

4. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel i'agent vasodilatant 
est selectionne a partir d'acide nicotinique et d'alkyl 
esters plus faibles d'acide nicotinique. 

5. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel I'agent vasodilatant 
est du nicotinate de methyle. 

6. Dispositif selon I'une quelconque des revendica- 
tions prec6dentes, et form6 avec une premiere et 
une seconde fenetre (16, 18), chaque fenetre 
s'etendant dans I'epaisseur du dispositif, les fene- 
tres permettant une communication optique d'un 
emetteur (42) et d'un detecteur (44) du detecteur 
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cutane avec la peau du patient auquel !e dispositif 
peut etre fix6. 

7. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel i'agent vasodilatant 
est egaiement un revulsif. 

8. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel la membrane de 
controle de debit, I'agent vasodilatant et le reservoir 
sont choisis et agences ensemble pour distribuer 
I'agent vasodilatant a un patient a un debit sensi- 
blement constant surun laps de temps etendu pour 
obtenir une augmentation localised du debit san- 
guin cutane. 

9. Dispositif selon la revendication 8, dans lequel le 
laps de temps etendu est de 8 heures a 3 jours. 

10. Systeme detecteur pour le controle non invasif 
d'une caracteristlque du sang d'un patient compre- 
nant un dispositif percutane (10) selon Tune quel- 
conque des revendications precedentes combine a 
un detecteur de surface cutane (40), lequel detec- 
teurcomprend : un boTtier ; un emetteur consistant 
en une source lumineuse (42) disposed dans le boT- 
tier du detecteur ; un detecteur consistant en un 
photo-detecteur (44) dispose dans le boTtier du 
detecteur ; et des moyens pour apparier le boTtier 
du detecteur au dispositif percutane, lequel moyen 
comprend la premiere couche adhesive (26) du dis- 
positif. 

11. Systeme selon la revendication 10, dans lequel le 
boTtier comprend une face active et une cavite con- 
tenant la source lumineuse et le photodetecteur, et 
dans lequel le moyen pour apparier comprend une 
surface plane (52) couvrant la cavite et s'etendant 
lateralement au-dela de celle-ci. 

12. Systeme selon la revendication 1 0 ou la revendica- 
tion 11 , et 6quip6 d'un moyen pour require la deri- 
vation optique entre la source lumineuse et le pho- 
todetecteur. 

13. Systeme selon Tune quelconque des revendica- 
tions 1 0 a 1 2, et equipe d'un moyen pour reduire la 
derivation optique dans le dispositif entre la source 
lumineuse et le photodetecteur. 

14. Systeme selon la revendication 12 ou 1 3 la reven- 
dication 13, dans lequel le moyen pour reduire la 
derivation optique comprend une arete (50) m6na- 
gee sur le boTtier entre la source lumineuse et le 
photodetecteur 

15. Systeme selon la revendication 14, dans lequel 
I'arete entoure la source lumineuse. 



16. Systeme selon la revendication 14, dans lequel 
I'arete entoure le photodetecteur. 

17. Systeme selon Tune quelconque des revendica- 
5 tions 10 a 16, dans lequel le boTtier du detecteur 

comprend une face active, une cavite contenant la 
source lumineuse (42) et le photodetecteur (44) et 
une surface plane (52) couvrant la cavite et s'eten- 
dant lateralement au-dela de celle-ci, et dans lequel 
10 la premiere couche adhesive est adjacente a la sur- 
face plane du boTtier du detecteur. 

18. Systeme selon I'une quelconque des revendica- 
tions 1 0 a 1 7, dans lequel une premiere fenetre (1 6) 

is a travers le dispositif de distribution percutane est 
adjacente a la source lumineuse et une seconde fe- 
netre (1 8) a travers le dispositif de distribution per- 
cutane est adjacente au photodetecteur, les fene- 
tres respectives permettant une communication op- 

20 tique entre la source lumineuse (42) et la peau d'un 
patient auquel le dispositif peut etre fixe et une com- 
munication optique entre la peau du patient et le 
photodetecteur (44). 

25 19. Systeme selon la revendication 12 et la revendica- 
tion 18 et I'une quelconque des autres revendica- 
tions precedentes, dans lequel le moyen pour re- 
duire la derivation optique comprend une arete (50) 
entourant la source lumineuse et s'etendant sensi- 

30 blement dans la premiere fenetre (1 6) du dispositif 
de distribution percutane. 

20. Systeme selon la revendication 12 et la revendica- 
tion 18 et I'une quelconque des autres revendica- 
tions 1 a 17, dans lequel le moyen pour reduire la 
derivation optique comprend une arete (50) entou- 
rant le photodetecteur et s'etendant sensiblement 
dans la seconde fenetre (18) du dispositif de distri- 
bution percutane. 
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FIG. 3 
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